Summary.
The origin of bursal lymphoid cells in Japanese quails was studied by means of a quantitative morphological method during a 6 to 12 day incubation period.
The findings obtained in this study are summarized as follows.
At 6 to 7 days' incubation, no lymphoid cells were observed in the bursal primordium. In 8 day embryonic bursa, the first appearance of lymphoid cells was found in the tunica mucosa.
In the epithelium, the first appearance of lymphoid cells was observed at 9.5 days' incubation.
At 9.5 to 11 days' incubation, lymphoid cells were frequently observed to pass through the epithelial basement membrane. It may be concluded that the lymphoid cells found in the epithelial region had migrated from the bursal mesenchymal region. The formation of epithelial buds began at about 11 days' incubation, but were never found prior to penetration of lymphoid cells into the epithelium. It may be concluded from the present results that bursal lymphoid cells derive from mesenchymal cells in Japanese quails.
The bursa of Fabricius is a cloacal lymphoid organ unique to the Ayes. Lymphocytopoiesis of the bursa of Fabricius has been examined by many investigators, but since controversy continues as to whether bursal lymphocytes originate from the mesenchymal, or from the epithelial, or whether they have a dual origin (JOLLY, LEENE, DUYZINGS and VAN STEEG, 1973) , the origin of bursal lymphocytes is still a matter for further investigation. Many papers exist on bursal lymphocytopoiesis in chickens, but little work has been done in this area using Japanese quails (KOBAThe purposes of this study are to decide the site and time of the first appearance of lymphoid cells in the quails' bursa, and to estimate the origin of bursal lymphoid cells by means of a quantitative morphological method.
Materials and Methods
The bursa of Fabricius in the embryos of 84 Japanese quails, at 6 to 12 days incubation (120 and 264hrs after incubation respectively) were examined as materials. The specimens for light microscopy were fixed with Bouin's fluid and embedded in acid-Schiff and toluidine blue (pH 7.4).
The specimens for electron microscopy were fixed with either 1% OsO4 only, or with 2.5% glutaraldehyde and 1% OsO4 in Millonig's buffer or in 0.1M cacodylate buffer. The fixed tissues were dehydrated in a graded series of ethanol-aceton and 291 embedded in epoxy resins. For light microscopical observation of specimens emBlum MT-1) and stained with toluidine blue or basic fuchsin-methylene blue. For electron microscopic investigations, ultrathin sections were cut with glass knives and stained with uranyl acetate and lead citrate, and then examined under a JEM-7 type electron microscope.
For the purposes of this study, the number of lymphoid cells were counted in the tunica mucosa (mesenchymal region) and the epithelium of the bursa. The bursa was photographed by a light microscope. The negative films were projected on a screen and the bursal profiles were traced on paper, and measured by use of a planimeter. Then, the number of the lymphoid cells was converted into number per unit
Results
Since the purpose of this study is to decide the site and time of the first appear- No lymphoid cells occurred in and around the bursal primordium, but the lymphoid cells were found in small numbers in the posterior cardinal veins (Fig. 1) . At 7 days' incubation, the bursal primordium were enlarged in size. The lymphoid cells occurred in and around the posterior cardinal veins, but were not detected in the region of the bursal primordium.
In 8 day embryos, the bursa represented an oval sac located between the cloaca and the vertebrates.
At this stage, only a small number of lymphoid cells were observed in the bursal tunica mucosa, but never found in the bursal epithelium (Fig. 2) . The number of the lymphoid cells per unit area is shown in Table 1 . At this stage, were observed in and around the posterior cardinal veins (Fig. 2) . At 9 days' incubation, the bursal lumen was enlarged in size. The bursal wall was composed of a loose mesenchymal connective tissue covered by a stratified or cuboidal epithelium.
The longitudinal folds and muscular layer were not clear. A larger number of lymphoid none were found in the epithelium at this stage ( Fig. 3 and Table 1 ).
In 9.5 day embryos, the first appearance of the lymphoid cells in the epithelium lymphoid cells in the epithelium were found mostly near the basement membrane or passing through it and the same cells were recognized in the tunica mucosa (Fig. 4) . At 10 days' incubation, the lymphoid cells were observed in the epithelium and the tunica mucosa (Fig. 5-7 ), but no lymphoid cells were found in the epithelium in 2 of 11 materials. The mean number of the lymphoid cells in the tunica mucosa was larger than that in the epithelium (Table 1 ). The epithelial bud was not observed in this stage. The lymphoid cells which were constricted into hand-mirror and dumb-bell shapes, were frequently observed to pass through the basement membrane (Fig. 5-7) .
In 11 day embryos, the lymphoid cells rapidly increased in number in the epithelium.
The mean number of the lymphoid cells in the epithelium was larger than that in the tunica mucosa (Table 1 ). The epithelial buds were first recognized as protrusions from the surface epithelium into the tunica mucosa in 5 of 11 materials (Fig. 8) . They consisted of undifferentiated epithelial cells and of lymphoid cells. At 12 days' incubation (Fig. 9, 10) , the epithelial buds were recognized in all materials, having increased in size and number over that on the 11th day of incubation. The lymphoid cells were rapidly increased in the epithelium with the epithelial buds formation. Between 10 and 12 days' incubation, the lymphoid cells in the tunica mucosa There is no doubt that the bursa of Fabricius of the Ayes is a lymphocytopoietic organ which mainly consists of epithelial reticular cells and of lymphoid cells. However there are considerable disagreements in respect to the origin of bursal lymphocytes. It is not yet determined whether they are derived from the epithelial cells or the mesenchymal cells.
The classical and extensive observation of JOLLY (1915) on bursal development laid the foundation for the theory of mesenchymal origin of bursal lymphocytes. VAN STEED (1973) also considered that bursal lymphocytopoiesis initiated from the migration of mesenchymal lymphoid cells into the epithelial buds. MOORE and OWEN (1965, 1966) concluded by several unique methods (chromosome marker and parabiosis techniques), that the lymphocytic transformation in the epithelial buds took place by immigration of lymphocytic cells derived from undifferentiated mesenchymal cells in the tunica propria or from other unknown sites.
and LELIEVRE, 1913a, b) believed that epithelial buds developed from the lining epithelium of the bursa and transformed into typical lymphoid follicles. Thus they believed in the transformation and differentiation of epithelial cells into lymphocytes.
that bursal lymphocytes are dual in origin arising from undifferentiated epithelial cells and from mesenchymal cells.
In order to solve this problem by means of a quantitative morphological method, it seemed important, firstly to decide the critical stage in which the lymphoid cells begin to appear in the bursal tunica mucosa or in the bursal epithelium, secondly to determine the time when the epithelial bud formation begins and thirdly, to estimate the number of the lymphoid cells in the epithelium and in the tunica mucosa per unit area at different developmental stages. Analyzing the results obtained the present authors could reach the clear conclusion that the bursal lymphoid cells are of mesenchymal rather than epithelial origin.
In their study on the bursa of Fabricius in the chicken, ACKERMAN and KNOUFF (1959) reported: "These blast cells appear to be formed intraepithelially and the possibility of their arising from mesenchymal cells in the tunica propria and migrating were first found in the tunica mucosa at 8 days' incubation. The first appearance of the lymphoid cells in the epithelium was 1.5 days after that in the tunica mucosa.
The epithelial buds began to form at about 11 days' incubation, and were never observed prior to penetration of the lymphoid cells into the bursal epithelium. At 9.5 to 11 days' incubation, the lymphoid cells were frequently observed to pass through the basement membrane. These cells showed handmirror or dumb-bell cell body and nucleus shapes. From the findings described above, the direction of the cell movement is believed to be from the mesenchymal to the epithelial region.
In the Japanese quails, lymphocytopoiesis of the bursa of Fabricius has been has, however, investigated only one embryonic stage (15 days' incubation), and KOBAYASHI's (1968) description is brief and lacks photographs. KOBAYASHI (1968) has indicated that the epithelial buds appeared at 13 days' incubation, and that large lymphocytes appeared at about 15 days' incubation. As his description isbasophilic insufficient, it is difficult to be discussed in comparison with the present findings. ACKERMAN and KNOUFF (1963) demonstrated a relatively intense alkaline phosphatase activity in the subjacent compact mesenchyme during the phase of bud formation, which subsequently declines with the maturation of follicles. They concluded that this metabolic change may reflect an epithelial-mesenchymal inductive interaction involved in the epithelial bud formation. ICHIMURA (1967) objected to the inductive function of this enzyme, and the authors (unpublished data) never observed a specific distribution of this enzyme in Japanese quails. Penetration of the lymphoid cells into the bursal epithelium may rather represent an inducing factor involved in the epithelial bud formation.
The present results support neither the concept of transformation of the bursal results indicate that the bursal lymphoid cells derive from the mesenchymal cells in Japanese quails. Further investigations are need to determine more precisely the site of origin of the lymphoid cells in the earliest stage of bursal development.
